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INTEGRATED CIRCUIT FOR
CONTROLLING CHARGING, CHARGING
DEVICE USING THE INTEGRATED CIRCUIT,
AND METHOD FOR DETECTING
CONNECTION OF SECONDARY BATTERY

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional of U.S. patent application
Ser. No. 11/701,434, filed on Feb. 2, 2007 now U.S. Pat. No.
7,479,765, which 1s based on and claims priority to Japanese
Patent Application No. 2006-05269, filed on Feb. 28, 2006,
the disclosures of each of which are hereby incorporated by
reference in their entireties.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an integrated circuit for
controlling charging of a secondary battery, and more par-
ticularly to an integrated circuit for determining whether a
secondary battery 1s setin a charging device on the basis of the
charging state of the secondary battery. In addition, the
present invention also relates to a charging device using the
integrated circuit, and a method for determining whether a
secondary battery 1s set 1n a charging device.

2. Discussion of the Background

Until now, the following methods have been used for deter-

mimng whether a secondary battery 1s set 1n a charging
device.

(1) methods using a switch which achieves an ON state when
a secondary battery 1s set1n a charging device while achieving
an OFF state when no secondary battery 1s set (disclosed 1n,

for example, published unexamined Japanese patent applica-
tion No. (hereinafter referred to as JP-A) 10-285812); and

(2) methods 1n which a current 1s applied to a temperature
detection thermistor, which 1s included 1n a battery pack, to
check the voltage of the terminal of the thermistor, resulting
in determination whether or not a battery 1s present (disclosed
in, for example, Japanese patent No. (hereinafter referred to
as JP) 2927354 (1.e., JP-A 01-186126).

The first-mentioned methods have a drawback 1n that a
switch has to be provided, thereby increasing the size and
costs of the device. The second-mentioned methods have
drawbacks 1n that the methods cannot be used for batteries
having no thermistor; and 1t 1s necessary to connect a terminal
with the thermistor, thereby increasing the size and costs of
the device. In addition, although the first-mentioned and sec-
ond-mentioned methods can determine whether a battery 1s
set 1n a charging device but cannot determine whether a
battery 1s electrically connected with a terminal of the charg-
ing device.

In addition, the following methods, which do not use a

switch or a thermistor, have been proposed (for example, JP
3203538 (1.e., JP-A 08-168188):

(3) methods 1n which a charge current 1s applied to a battery
when a voltage not less than a predetermined voltage 1s
detected between terminals of a charging device connected
with the battery, wherein when the charge current 1s greater
than a predetermined threshold current 1n a full charge state,
it 1s judged that the battery 1s connected, and when the charge
current 1s less than the threshold current, 1t 1s judged that the
battery 1s fully charged. In addition, two additional threshold
currents are set near the above-mentioned threshold current.
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When the time needed for changing the current from one of
the additional threshold currents to the other 1s not less than a
predetermined time, 1t 1s judged that the battery 1s fully
charged. Further, when the time 1s less than the predetermined

time, 1t 1s judged that the battery 1s detached from the charging,
device.

Further, the following methods, which do not use a switch
or a thermistor, have been proposed (for example, JP-A

10-225001):

(4) methods which perform intermittent charging while mea-
suring the voltage between terminals connected with a battery
and the charge current 1n a charging process, wherein whether
or not a battery 1s connected 1s determined on the basis of the
results.

However, the third-mentioned methods have a drawback 1in
that an over-discharge battery cannot be charged. Specifi-
cally, when charging 1s performed on an over-discharge bat-
tery while applying a large current thereto, a serious accident
such as heat generation of heat or fire may occur, and there-
fore 1t 1s necessary to charge the battery while applying a
small current until the battery has a predetermined voltage.
Theretfore, the threshold voltage which 1s used for judging
whether or not a battery 1s present has to be set so as to be
greater than the voltage of an over-discharge battery. In addi-
tion, the method in which two additional threshold currents
are set near the above-mentioned threshold current (1.e., tull-
charge current) to determine whether a battery 1s connected
and the battery 1s fully charged has a drawback in that the
scale of the circuit increases.

It 1s necessary for the fourth-mentioned methods to per-
form intermittent charging in addition to general constant
current — constant voltage charging, and therefore an inter-
mittent charging device has to be provided. Accordingly, the
methods have a drawback 1n that the size and costs of the
charging device increase.

Because of these reasons, a need exists for an integrated
circuit (and a charging device), which can determine whether
a secondary battery 1s correctly connected with a charging
device while having a small si1ze and low costs.

SUMMARY OF THE INVENTION

As one aspect of the present invention, an integrated circuit
for charging a secondary battery via a charging transistor 1s
provided which includes a charge current detection circuit
which detects a charge current output from the charging tran-
sistor, and generates and outputs a signal including the charge
current information; a voltage comparison circuit which com-
pares the voltage of the secondary battery with one or more
predetermined voltages, and generates and outputs a signal
including the voltage comparison information; and a charge
controlling circuit which controls the charging transistor
according to information on the voltage of the secondary
battery and the signals output from the charge current detec-
tion circuit and the voltage comparison circuit such that the
charging transistor performs constant current charging in
which a predetermined current 1s output or constant voltage
charging 1n which a charge current 1s output so that the sec-
ondary battery has a predetermined voltage. The charge con-
trolling circuit stops applying a charge current for a predeter-
mined time T1 1n the beginning of charging of the secondary
battery. When the voltage comparison circuit detects that the
voltage of the secondary battery becomes less than a prede-
termined voltage V1 within the predetermined time T1, the
charge controlling circuit judges that the secondary battery 1s
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abnormally connected and performs an abnormality correc-
tion treatment (such as stopping of application of charge
current).

Alternatively, 1n the integrated circuit, when the voltage
comparison circuit detects that the voltage of the secondary
battery becomes not less than a predetermined voltage V2, the
charge controlling circuit stops applying a charge current for
a predetermined time 12, and 1n addition when the voltage
comparison circuit detects that the voltage of the secondary
battery becomes less than a predetermined voltage V2- less
than the voltage V2 within the time T2, the charge controlling,
circuit judges that the secondary battery 1s abnormally con-
nected and performs an abnormality correction treatment.

Alternatively, in the integrated circuit, when the charge
current detection circuit detects that the charge current
applied to the secondary battery becomes less than a prede-
termined current 12, and further detects that the charge current
becomes less than a predetermined current 11 less than the
current 12 within a predetermined time T4, the charge con-
trolling circuit judges that the secondary battery 1s abnor-
mally connected and performs an abnormality correction
treatment.

As another aspect of the present invention, a charging
device for performing a constant current charging or a con-
stant voltage charging to a secondary battery 1s provided
which includes a charging transistor for controlling applica-
tion of charge current to the secondary battery; and a charge
controlling integrated circuit for controlling the charging
transistor according to the information on the charge current
applied to the secondary battery and the voltage of the sec-
ondary battery, wherein the charge controlling integrated cir-
cuit 1s the integrated circuit mentioned above.

Asyet another aspect of the present invention, a method for
determining whether a secondary battery i1s connected 1s pro-
vided which includes applying a charge current to a second-
ary battery through a charging transistor; stopping applying a
charge current for the predetermined time T1 in the beginning
of the charging operation while checking the voltage of the
secondary battery within the time T1; and performing an
abnormality correction treatment when the voltage of the

secondary battery becomes less than the predetermined volt-
age V1 within the time T1.

Alternatively, a method for determining whether a second-
ary battery 1s connected 1s provided which includes applying
a charge current to a secondary battery through a charging
transistor; checking the voltage of the secondary battery;
stopping applying a charge current for the predetermined
time T2 when the voltage of the secondary battery becomes
not less than the predetermined voltage V2; and performing,
an abnormality correction treatment when the voltage of the

secondary battery becomes less than the predetermined volt-
age V2- less than the voltage V2 within the time T2.

Alternatively, a method for determining whether a second-
ary battery 1s connected 1s provided which includes applying
a charge current to a secondary battery through a charging
transistor; checking the current applied to the secondary bat-
tery for the predetermined time T4 when the current becomes
less than the predetermined current 12; and performing an
abnormality correction treatment when the current is less than
the predetermined current 11 less than the current 12 within the
predetermined time T4.

These and other objects, features and advantages of the
present invention will become apparent upon consideration of
the following description of the preferred embodiments of the
present invention taken in conjunction with the accompany-
ing drawings.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view 1llustrating an example embodi-
ment of the charging device of the present invention;

FIG. 2 1s a flowchart illustrating the operations of the
charging device illustrated in FI1G. 1;

FIG. 3 15 a graph 1llustrating the relationship between the
charge current (1ch) and the voltage (Vb) of the battery 1n the
charging device illustrated in FIG. 1;

FIG. 4 1s a schematic view 1illustrating another example
embodiment of the charging device of the present invention;
and

FIG. 5 a flowchart 1llustrating the operations of the charg-
ing device 1llustrated in FIG. 4.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to an integrated circuit for
controlling charging of a secondary battery, which 1s used for
a charging device and which applies a charge current to the
secondary battery through a charging transistor to charge the
secondary battery, wherein the integrated circuit controls the
operation of the charging transistor.

In the first integrated circuit, the integrated circuit includes
a charge current detection circuit which detects the charge
current output from the charging transistor, and generates and
outputs a signal including the charge current information; a
voltage comparison circuit which compares the voltage of the
secondary battery with one or more predetermined voltages,
and generates and outputs a signal including the voltage com-
parison information; and a charge controlling circuit which
controls the charging transistor according to information on
the voltage of the secondary battery and the signals output
from the charge current detection circuit and the voltage
comparison circuit such that the charging transistor performs
constant current charging in which a predetermined current 1s
output or constant voltage charging 1n which a charge current
1s output so that the secondary battery has a predetermined
charge voltage. In this integrated circuit, the charge control-
ling circuit stops applying a charge current for a predeter-
mined time T1 1n the beginning of charging of the secondary
battery. When the voltage comparison circuit detects that the
voltage of the secondary battery becomes less than a prede-
termined voltage V1 within the predetermined time T1, the
charge controlling circuit judges that the secondary battery 1s
abnormally connected and performs an abnormality correc-
tion treatment (such as stopping of application of charge
current).

In addition, when the voltage comparison circuit detects
that the voltage of the secondary battery becomes not less
than a predetermined voltage V2 greater than the voltage V11
the charge controlling circuit stops applying a charge current
for a predetermined time T2. In this regard, when the voltage
comparison circuit detects that the voltage of the secondary
battery becomes less than a predetermined voltage V2-,
which 1s greater than the voltage V1 and less than the voltage
V2, within the time T2, the charge controlling circuit judges
that the secondary battery 1s abnormally connected and per-
forms an abnormality correction treatment.

Further, when the charge current detection circuit detects
that the charge current applied to the secondary battery
becomes less than a predetermined current 12 and further
detects that the charge current becomes less than a predeter-
mined current 11 less than the current 12 within a predeter-
mined time T4, the charge controlling circuit judges that the
secondary battery 1s abnormally connected and performs an
abnormality correction treatment.
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Furthermore, when the voltage comparison circuit detects
that the voltage of the secondary battery becomes not less
than a predetermined voltage V3 greater than the voltage V2,
the charge controlling circuit stops applying a charge current
for a predetermined time T3. In this regard, when the voltage
comparison circuit detects that the voltage of the secondary
battery becomes less than a predetermined voltage V3-,
which 1s greater than the voltage V2 and less than the voltage
V3, within the time T3, the charge controlling circuit judges
that the secondary battery 1s abnormally connected and per-
forms an abnormality correction treatment.

Alternatively, another integrated circuit (second integrated
circuit) 1s provided which includes the charge current detec-
tion circuit; the voltage comparison circuit; and the charge
controlling circuit, wherein when the voltage comparison
circuit detects that the voltage of the secondary battery
becomes not less than the predetermined voltage V2, the
charge controlling circuit stops applying a charge current to
the secondary battery for the time 12, and wherein when the
voltage comparison circuit detects that the voltage of the
secondary battery becomes less than the voltage V2 - less than
the voltage V2 within the time T2, the charge controlling
circuit judges that the secondary battery 1s abnormally con-
nected and performs an abnormality correction treatment.

In this regard, when the charge current detection circuit
detects that the charge current applied to the secondary bat-
tery becomes less than the current 12 and further detects that
the charge current becomes less than the current 11 less than
the current 12 within the predetermined time T4, the charge
controlling circuit judges that the secondary battery 1s abnor-
mally connected and performs an abnormality correction
treatment.

In this mtegrated circuit, when the voltage comparison
circuit detects that the voltage of the secondary battery
becomes not less than the predetermined voltage V3 greater
than the voltage V2, the charge controlling circuit stops
applying a charge current for the predetermined time T3. In
this regard, when the voltage comparison circuit detects that
the voltage of the secondary battery becomes less than the
predetermined voltage V33—, which 1s greater than the voltage
V2 and less than the voltage V3, within the time T3, the
charge controlling circuit judges that the secondary battery 1s
abnormally connected and performs an abnormality correc-
tion treatment.

Alternatively, another integrated circuit (third integrated
circuit) 1s provided which includes the charge current detec-
tion circuit; the voltage comparison circuit; and the charge
controlling circuit, wherein when the charge current detection
circuit detects that the charge current applied to the secondary
battery becomes less than the current 12 and further detects
that the charge current becomes less than the current 11 less
than the current 12 within the time T4, the charge controlling,
circuit judges that the secondary battery 1s abnormally con-
nected and performs an abnormality correction treatment.

In the first integrated circuit, the voltage comparison circuit
can include a first comparator comparing the voltage of the
secondary battery with the voltage V1 and generating and
outputting a first signal S1 including the comparison infor-
mation to the charge controlling circuit. The voltage compari-
son circuit can further include a second comparator compar-
ing the voltage of the secondary battery with the voltage V2
and generating and outputting a second signal S2 including
the comparison mnformation to the charge controlling circuit.
In this regard, the second comparator includes a first hyster-
es1s controlled according to a control signal input from the
charge controlling circuit, wherein the voltage V2- is the
difference between the voltage V2 and the first hysteresis.
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The voltage comparison circuit can further include a third
comparator comparing the voltage of the secondary battery
with the voltage V3 and generating and outputting a third
signal S3 including the comparison information to the charge
controlling circuit. In this regard, the third comparator
includes a second hysteresis controlled according to an mput
control signal input from the charge controlling circuait,
wherein the voltage V3- 1s the difference between the voltage
V3 and the second hysteresis.

In the second integrated circuit, the voltage comparison
circuit can include the second comparator or a combination of
the second comparator and the third comparator.

The first to third integrated circuits can further include an
input terminal which i1s connected with the secondary battery
and to which the voltage of the secondary battery 1s input; and
a current source which 1s connected with the mput terminal
while being controlled according to the control signals input
from the charge controlling circuit, wherein the charge con-
trolling circuit controls drive of the current source according,
to an external control signal for controlling a consumption
current of a load to which the secondary battery applies a
power. In this regard, the charge controlling circuit allows the
current source to operate when the external signal 1s a signal
to reduce the consumption current 1s input while the charge
current 1s not supplied to the secondary battery. In addition,
when 1nput of such an external signal 1s stopped, the charge
controlling circuit stops the operation of the current source.

When the charge controlling circuit judges that the second-
ary battery 1s abnormally connected, the charge controlling
circuit preferably stops applying a charge current to the sec-
ondary battery.

As another aspect of the present mvention, a charging
device for performing constant current charging or constant
voltage charging on a secondary battery 1s provided which
includes a charging transistor for controlling application of
charge current to the secondary battery; and a charge control-
ling 1ntegrated circuit for controlling the charging transistor
according to the information on the charge current applied to
the secondary battery and the voltage of the secondary bat-
tery, wherein the charge controlling integrated circuit 1s the
above-mentioned {first, second or third integrated circuit.

As yet another aspect of the present invention, a method for
determining whether a secondary battery 1s connected 1s pro-
vided which includes applying a charge current to a second-
ary battery through a charging transistor; and stopping apply-
ing a charge current for the predetermined time 11 1n the
beginning of the charging operation while checking the volt-
age ol the secondary battery within the time T1. When the
voltage of the secondary battery becomes less than the pre-
determined voltage V1 within the time T1, 1t 1s judged that the
secondary battery 1s abnormally connected and the abnormal-
ity correction treatment 1s performed.

When the voltage of the secondary battery becomes less
than the predetermined voltage V2 greater than the voltage
V1, the method further includes stopping applying a charge
current for the predetermined time 12 while checking the
voltage of the secondary battery within the time 12. In this
regard, when the voltage of the second battery becomes less
than the predetermined voltage V2-, which 1s greater than the
voltage V1 and less than the voltage V2, within the time T2, 1t
1s judged that the secondary battery 1s abnormally connected,
and the abnormality correction treatment 1s performed.

In addition, the charge current may be checked. When the
charge current becomes less than the predetermined current
12, the current 1s checked for the predetermined time T4.
When the current becomes less than the current 11 less than
the current 12 within the time T4, 1t 1s judged that the second-
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ary battery 1s abnormally connected, and the abnormality
correction treatment 1s performed.

Alternatively, a method for determining whether a second-
ary battery 1s connected 1s provided which includes applying
a charge current to a secondary battery through a charging
transistor; checking the voltage of the secondary battery; and
stopping applying a charge current for the predetermined
time T2 when the voltage of the secondary battery becomes
not less than the voltage V2. When the voltage of the second-
ary battery becomes less than the predetermined voltage V2 -
less than the voltage V2 within the time T2, it 1s judged that
the secondary battery 1s abnormally connected, and the
abnormality correction treatment 1s performed.

In this regard, when the charge current becomes less than
the predetermined current 12, the current 1s checked for the
predetermined time T4. When the current becomes less than
the predetermined current 11 less than the current 12 within the
time T4, 1t 1s judged that the secondary battery 1s abnormally
connected, and the abnormality correction treatment 1s per-
formed.

Further, when the voltage of the secondary battery
becomes not less than the predetermined voltage V3, the
charge current to the secondary battery is stopped for the
predetermined time 13. When the voltage becomes less than
the predetermined voltage V3- greater than the voltage V2
and less than the voltage V3 within the time T3, 1t 1s judged
that the secondary battery 1s abnormally connected, and the
abnormality correction treatment 1s performed.

Alternatively, a method for determining whether a second-
ary battery 1s connected 1s provided which includes applying
a charge current to a secondary battery through a charging
transistor; and checking the current of the secondary battery.
When the current becomes less than the predetermined cur-
rent 12, the current 1s measured for the predetermined time T4.
When the current becomes less than the predetermined cur-
rent 11 less than the current 12 within the time T4, 1t 1s judged
that the secondary battery 1s abnormally connected, and the
abnormality correction treatment 1s performed.

When 1t 1s judged that the secondary battery 1s abnormally
connected, 1t 1s preferable to stop application of the charge
current to the secondary battery.

Next, the present mnvention will be explained 1n detail by
reference to drawings.

First Example Embodiment

FI1G. 11s a schematic view 1llustrating an example embodi-
ment of the charging device of the present invention for charg-
ing a secondary battery.

Referring to FIG. 1, a charging device 1 has a DC power
source 3 such as AC adaptors and performs constant current
charging or constant voltage charging on a secondary battery
6 (hereinafter referred to as a battery) such as lithium 1on
batteries. The battery 6 1s connected with a load 7 and applies
an electric power to the load 7.

The charging device 1 includes a power transistor Q1 for
applying a current to the battery 6 according to a signal input
to a base thereof to charge the battery, wherein the power
transistor includes a PMOS transistor; and a resistor R1 con-
figured to detect a current ich applied by the power transistor
Q1 to the battery 6. In addition, the charging device 1 further
includes a diode D1 configured to prevent backiflow of current
from the battery 6 to the DC power source 3; and a charge
controlling circuit 2 configured to control the operation of the
power transistor Q1 so as to perform constant current charg-
ing or constant voltage charging on the battery 6 according to
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information on a voltage Vb of the battery 6 and the charge
current ich, which can be determined from the voltage of both
the ends of the resistor R1.

The charge controlling circuit 2 1s integrated 1n an IC, and
includes a terminal P1 connected with the DC power source;
a terminal P2 for outputting a charge controlling signal; a first
current detection terminal P3; a second current detection
terminal P4; and terminals PS5 and P6 connected with the
battery 6, wherein the terminal P6 1s grounded. The battery 6
has battery terminals B+ and B-. The battery terminal B+,
which 1s connected with a positive electrode of the battery 6,
1s connected with the terminal P35, and the battery terminal
B-, which 1s connected with a negative electrode of the bat-
tery 6, 1s connected with the terminal P6.

In addition, the charge controlling circuit 2 includes a
power voltage detection circuit 11 for determining whether a
power 1s applied from the DC power source 5; a charge
current controlling circuit 12 for controlling the operation of
the power transistor Q1 according to the mput control signal;
a charge current detection circuit 13 for determining the
charge current i1ch from the voltage difference between the
terminals of the resistor R1.

Further, the charge controlling circuit 2 includes a refer-
ence voltage generating circuit 14 configured to generate and
output a predetermined reference voltage Vr; a comparator
15; comparators 16 and 17 each having a hysteresis corre-
sponding to the input control signal; resistors R11-R14; and a
controlling circuit 18 configured to control the operation of
the charge current controlling circuit 12 and the hysteresis of
cach of the comparators 16 and 17.

In this regard, the power transistor Q1 serves as the charg-
ing transistor, and the charge controlling circuit 2 serves as the
integrated circuit for controlling charging of a secondary
battery. In addition, the reference voltage generation circuit
14, and comparators 15-17, resistors R11-R14 constitute the
voltage comparison circuit. Further, the charge current con-
trolling circuit 12 and the controlling circuit 18 constitute the
charge controlling circuit. Furthermore, the comparators 15,
16 and 17 are the first, second and third comparators, respec-
tively.

The supply voltage Vdd applied by the DC power source 5
1s mnput to the power voltage detection circuit 11 via the
terminal P1 while 1input to the source of the power transistor
Q1. The gate of the power transistor Q1 1s connected with the
charge current controlling circuit 12 via the terminal P2. The
power voltage detection circuit 11 outputs a predetermined
signal Sv to the controlling circuit 18 when the voltage of the
terminal P1 becomes not less than a predetermined voltage to
inform that a power 1s supplied from the DC power source 5.
The charge current controlling circuit 12 outputs a charge
controlling signal to the gate of the power transistor Q1 via the
terminal P2 upon reception of a control signal Sc from the
controlling circuit 18 to control the charge current ich.

The drain of the power transistor Q1 1s connected with an
anode of the diode D1 via the resistor R1. The cathode of the
diode D1 1s connected with each of the battery terminal B+
and the terminal P5. The drain of the power transistor Q1 1s
connected with the first current detection terminal P3. The
resistor R1 1s connected with the first current detection ter-
minal P3 and the second current detection terminal P4. The
charge current detection circuit 13 determines the current i1ch
from the voltage difference between both the ends of the
resistor R1 (1.e., the difference between the voltage applied to
the first current detection terminal P3 and the voltage applied
to the second current detection terminal P4), and outputs a
signal S1 including the detected current information to the
controlling circuit 18.
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The resistors R14, R13, R12 and R11 are serially con-
nected between the reference voltage Vr output from the
reference voltage generation circuit 14 and the ground volt-
age. A first voltage V1, which 1s the voltage at the connection
point between the resistors R11 and R12, 1s input to an invert-
ing input terminal of the comparator 15. A second voltage V2,
which 1s the voltage at the connection point between the
resistors R12 and R13, is input to an mverting input terminal
of the comparator 16. A third voltage V3, which 1s the voltage
at the connection point between the resistors R13 and R14, 1s
input to an inverting input terminal of the comparator 17.
Each of a first voltage detection signal S1 which 1s output
from the comparator 15, a second voltage detection signal S2
which 1s output from the comparator 16, and a third voltage
detection signal S3 which 1s output from the comparator 17, 1s
output to the controlling circuit 18.

In addition, the controlling circuit 18 inputs a first control
signal Shl for controlling the hysteresis of the comparator 16
and a second control signal Sh2 for controlling the hysteresis
of the comparator 17 to the comparator 16 and the comparator
17, respectively.

The comparator 15 compares the battery voltage Vb, which
1s the voltage at the terminal P5, with the first voltage V1.
When the battery voltage Vb becomes not less than the first
voltage V1, the first voltage detection signal S1 output from
the comparator 15 1s changed from a low level to a high level.
In contrast, when the battery voltage Vb becomes less than the
first voltage V1, the first voltage detection signal S1 1s
changed from a high level to a low level.

The comparator 16 compares the battery voltage Vb with
the second voltage V2. When Vb 1s not less than V2, the
second voltage detection signal S2 output from the compara-
tor 16 1s changed from a low level to a high level. When Vb 1s
less than V2—-, which 1s obtained by subtracting the hysteresis
voltage of the comparator 16 from the second voltage V2, the
second voltage detection signal S2 output from the compara-
tor 16 1s changed from a high level to a low level. The com-
parator 16 has an mput terminal, through which the first
control signal Sh1 1s input from the controlling circuit 18, to
set the hysteresis voltage to a desired value according to the
control signal Shl.

The comparator 17 compares the battery voltage Vb with
the third voltage V3. When Vb 1s not less than V3, the third
voltage detection signal S3 output from the comparator 17 1s
changed from a low level to a high level. When Vb 1s less than
V3-, which is obtained by subtracting the hysteresis voltage
of the comparator 17 from the third voltage V3, the third
voltage detection signal S3 output from the comparator 17 1s
changed from a high level to a low level. The comparator 17
has an mput terminal, through which the second control sig-
nal Sh2 is input from the controlling circuit 18, to set the
hysteresis voltage to a desired value according to the control
signal Sh2.

The controlling circuit 18 1s constituted of a logic circuait,
and determines the charging mode on the basis of the output
signal Sv output from the power voltage detection circuit 11,
the output signal S1 output from the charge current detection
circuit 13, and the first, second and third voltage detection
signals S1, S2 and S3 output from the comparators 15, 16 and
17, respectively. In addition, the controlling circuit 18 deter-
mines whether or not charging 1s performed, and controls the
charge current, and the charge voltage via the charge current
controlling circuit 12 using the control signal Sc.

FIG. 2 1s a flowchart of the operations of the charging
device 1 illustrated in FIG. 1. FIG. 3 1s a graph 1llustrating
change of the charge current ich and the battery voltage Vb
with time 1n the charging device illustrated 1n FIG. 1. The
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operations of the charging device illustrated in FIG. 1 will be
explained by reference to FIGS. 2 and 3.

At first, the connection confirmation operation of the sec-
ondary battery in the beginning of the charging operation will
be explained.

Referring to FIG. 2, when the DC power source 5 1s con-
nected with the charge controlling circuit 2 1n step S1, the
controlling circuit 18 allows the charge current controlling
circuit 12 to perform a reset operation, 1.e., to turnoif the
power transistor Q1 so as to have a shutoil state, 1n step S2. In
step S3, the power voltage detection circuit 11 checks the
power voltage Vdd applied from the DC power connection
terminal P1.

When the power voltage Vdd 1s less than a predetermined
voltage 1n step S3, the operation returns to step S2. When the
power voltage Vdd is not less than the predetermined voltage
in step S3, the controlling circuit 18 allows the charge current
controlling circuit 12 to turn off the power transistor Q1 so as
to have a shutoll state for a predetermined charge start waiting,
time T1 (step S4), resulting 1n stopping applying the charge
current ich. Then the controlling circuit 18 checks the battery
voltage Vb on the basis of the first, second and third voltage
detection signals S1, S2 and S3 (step S5).

When the battery voltage Vb 1s less than the first voltage V1
in step S5, the operation proceeds to step S22, in which the
controlling circuit 18 judges that the battery 6 1s not con-
nected or the battery 6 1s abnormal. In this case, the control-
ling circuit 18 continuously allows the charge current con-
trolling circuit 12 to turn oif the power transistor Q1 so as to
have a shutotl state after the predetermined charge start wait-
ing time T1, resulting in stopping of the charge current ich
(1.e., stopping of charging of the battery 6), followed by
re-execution of step S5. When a voltage not less than the first
voltage V1 1s mput to the battery connection terminal P3
(when a normal secondary battery 1s connected, the voltage 1s
not less than the first voltage V1), the first voltage detection
signal S1 output from the comparator 15 1s on a high level.
When the battery voltage Vb 1s not less than the first voltage
V1 and less than the voltage V2- 1n step 5, the operation
proceeds to step S6, 1n which the controlling circuit 18 allows
the charge current controlling circuit 12 to perform a prelimi-
nary charge mode operation.

In the preliminary charging mode operation, charging 1s
performed while flowing a relatively small amount of current
of tens of milliamp until the battery voltage reaches a prede-
termined voltage. This 1s because when charging 1s performed
on a lithium-1on battery 1n an over-discharge state while tlow-
ing a large amount of current, a problem such as generation of
heat or fire may occur. In FIG. 3, a character “11” denotes the
charge current 1n the preliminary charging.

When the battery voltage Vb 1s not less than the voltage V2
in step S5, the output signal S2 output from the comparator 16
1s changed from a low level to a high level, and the operation
proceeds to step S1 1n which charging 1s performed in a
constant current charging mode. In this regard, the voltage V1
1s set to a mimimum voltage above which the preliminary
charging can be performed, and the second voltage V2 1s set
to a minimum voltage above which rapid charging flowing a
large amount of current can be performed.

The charge start waiting time T1 1s an extremely short time
on the order of a few milliseconds. However, when no battery
or an abnormal battery such as shorted batteries 1s connected
while the DC power source 3 1s connected, the voltage rapidly
decreases as illustrated by a dotted line A even if the voltage
of the battery terminal P5 is not less than the voltage V1.
Specifically, the voltage becomes less than the voltage V1
(almost 0 V) within the waiting time T1. Therefore, when the
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first voltage detection signal S1 sent from the comparator 15
1s on a low level after the waiting time T1 1 step S5, the
controlling circuit 18 judges that no battery or a shorted
battery 1s connected, and inhibits charging (1n step S22). Even
when the charging device 1s 1n the charge imnhibition state in
step 22, the battery voltage checking operation 1n step S5 1s
performed. Therefore, when the battery voltage Vb becomes
not less than the voltage V1 and the first voltage detection
signal S1 sent from the comparator 135 1s changed to a high
level, charging 1s performed on the battery.

Next, the battery connection confirmation operation in
transition from the preliminary charge mode operation to the
first rapid charge mode operation (1.e., a constant current
charging mode operation) will be explained.

During the preliminary charging i1s performed (step S6),
the controlling circuit 18 performs the operation 1n step S7,
1.€., checks the battery voltage. When the battery voltage Vb
becomes not less than the voltage V2, the second voltage
detection signal S2 output from the comparator 17 1s changed
from a low level to a hugh level, and the operation proceeds to
step S8 (1.e., the first charge stop time 12). The first charge
stop time 1s represented as 12 1n FIG. 3. In the first charge stop
time T2, the controlling circuit 18 outputs a signal to stop the
charge current ich to the charge current controlling circuit 12.
The first charge stop time T2 1s an extremely short time on the
order of a few milliseconds. When a normal battery 1s con-
nected, the battery voltage Vb hardly changes 1n the first
charge stop time T2 as illustrated by a solid line 1n FIG. 3.

When the battery 6 1s removed from the charging device in
the preliminary charging operation, the voltage at the battery
connection terminal P35 rapidly increases to the second volt-
age V2 asillustrated by a dotted line B, and thereby the second
voltage detection signal S2 from the comparator 16 1s
changed to a low level to a high level. However, in this case,
application of the charge current ich 1s stopped, the voltage at
the battery connection terminal P5 rapidly decreases so as to
be lower than the voltage V2—, which 1s obtained by subtract-
ing the hysteresis voltage of the comparator 16 from the
second voltage V2 as 1llustrated by a dotted line B'. Therefore,
the second voltage detection signal S2 from the comparator
16 1s changed to a high level to a low level.

In the first charge stop time 12, the controlling circuit 18
checks the battery voltage (step S9). When the battery voltage
Vb 1s not less than the voltage V2- and the second voltage
detection signal S2 from the comparator 16 maintains the
high level, the operation proceeds to step 10, 1.e., the first
rapid charge mode operation 1s performed.

In the first rapid charge mode operation, the battery 6 1s
subjected to constant current charging applying a large
amount of current so as to be rapidly charged. In FIG. 3, the
charge current in the first rapid charge mode operation is
represented as 13.

As mentioned above, 1n a case where the battery 1s removed
from the charging device, the battery voltage Vb becomes less
than the voltage V2- i step S-9 and the second voltage
detection signal S2 1s changed to a low level. In this case, the
controlling device 18 judges that there is no battery, and
performs a predetermined abnormality detection operation
(in step S23), e.g., the controlling device 18 allows the charge
current controlling circuit 12 to turn off the power transistor
Q1 so that the power transistor achieves a shutoil state.

Next, the battery connection confirmation operation in
transition from the first rapid charge mode operation to the
second rapid charge mode (1.e., a constant voltage charge
mode operation) will be explained.

During the controlling circuit 18 allows the power transis-
tor Q1 to perform the first rapid charge mode operation via the
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charge current controlling circuit 12 (step 10), the controlling
circuit 18 always checks the battery voltage Vb (step 11).
When the battery voltage Vb 1s not less than the third voltage
V3, the third voltage detection signal S3 output from the
comparator 17 1s changed from a low level to a high level and
the charging device has a second charge stop time T3, which
1s represented as 13 1 FIG. 3.

In the second charge stop time T3, the controlling circuit 18
allows the charge current controlling circuit 12 to stop appli-
cation of the charge current ich by the power transistor Q1.
The second charge stop time T3 1s an extremely short time on
the order of a few milliseconds. In this case, a normal battery
1s connected, the battery voltage Vb hardly changes in the
second charge stop time T3 as 1llustrated by a solid line 1n
FIG. 3. However, when the battery 6 1s removed from the
charging device 1n the first rapid charging operation, the volt-
age at the battery terminal P5 rapidly increases as 1llustrated
by a dotted line C 1 FIG. 3. When the voltage reaches the
voltage V3, the third voltage detection signal S3 from the
comparator 17 1s changed from a low level to a high level. In
this case, when application of the charge current ich 1s
stopped, the voltage at the battery terminal P3 rapidly
decreases as illustrated by a dotted line C'. When the voltage
at the battery terminal P35 becomes lower than the voltage
V3-, which is obtained by subtracting the hysteresis voltage
of the comparator 17 from the third voltage, the third voltage
detection signal S3 1s changed from a high level to a low level.

Therefore, 1n the second charge stop time T3, the control-
ling circuit 18 checks the battery voltage Vb (step 13). When
it 1s found from the third voltage detection signal S3 that the
battery voltage Vb 1s not less than the voltage V3-1n step S13,
the second rapid charge mode operation (1.€., a constant volt-
age charging operation) 1n step S14 1s performed on the
battery. It 1s clear from the charge current curve 1n FI1G. 3 that
the charge current ich gradually decreases 1n the second rapid
charge mode operation. In the second rapid charge mode
operation, the controlling circuit 18 always checks the charge
current 1ch on the basis of the output signal S1 sent from the
charge current detection circuit 13 (step S15).

As mentioned above, in a case where the battery 1s removed
from the charging device 1n the first rapid charge mode opera-
tion, the battery voltage Vb becomes less than the voltage V3—
in step 13 and the third voltage detection signal S3 1s changed
to a low level, the controlling circuit 18 determines that no
battery 1s connected and the operation proceeds to step 23.

Next, the battery connection confirmation operation on
completion of charging will be explained.

As mentioned above, the controlling circuit 18 always
checks the charge current ich in the second rapid charging
mode 1n step 14. When the charge current ich 1s less than a
current 12 (1.e., a full charge current) which 1s less than the
current 13 1n the first rapid charge mode operation and not less
than the current 11 in the preliminary charging, the charging
device has a full charge waiting time T4, which 1s represented
as T4 in FIG. 3 and in which the charge current ich 1s still
applied to the battery.

The full charge waiting time T4 1s an extremely short time
on the order of a few milliseconds. When a normal battery 1s
connected, change of the charge current 1ch 1n the full charge
waiting time T4 1s little as 1llustrated by a solid line 1n FI1G. 3.

However, when the battery 1s removed from the charging
device 1n the second rapid charge mode operation, the charge
current ich rapidly decreases so as to be less than the current
11 1n the preliminary charging as 1llustrated by a dotted line D
in FIG. 3. When the charge current ich 1s not less than the
current 11 and less than the current 12 in the full charge waiting
time T4, the controlling circuit 18 determines that the battery
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1s Tully charged and the operation proceeds to step 18 (1.e., the
charging operation 1s ended). When the charge current ich
becomes lower than the current 11 1n the full charge waiting
time T4, the controlling circuit determines that no battery 1s
connected, and the operation proceeds to step 23.

Next, connection confirmation operation in the beginning
of re-charging will be explained.

The controlling circuit 18 checks the battery voltage Vb
(step 19) even at the end of charging (step 18). When the
battery voltage Vb becomes lower than the voltage V3-,
which 1s obtained by subtracting the hysteresis voltage of the
comparator 17 from the third voltage V3, the third voltage
detection signal S3 from the comparator 17 1s changed to a
low level, and thereby the charging device has a re-charge
start waiting time T3 (step S20), which 1s represented as 15 1n
FIG. 3 and in which the charge current ich 1s not applied.
Since the re-charge start waiting time TS 1s an extremely short
time on the order of a few milliseconds, change of the battery
voltage 1s little 1n the re-charge start waiting time 15 if a
normal battery 6 1s connected as illustrated by a solid line in
FIG. 3. However, when the battery 1s removed from the charg-
ing device at the end of charging, the battery voltage Vb
rapidly decreases as 1llustrated by a dotted line E1in FIG. 3 and
the second voltage detection signal S2 from the comparator
16 or the first voltage detection signal S1 from the comparator
15 1s changed to a low level.

Therelfore, the controlling circuit 18 checks the battery
voltage Vb 1n the re-charge start waiting time T5. When the
second voltage detection signal S2 from the comparator 16 1s
on a high level, the controlling circuit 18 judges that the
battery voltage Vb decreases while the battery 1s still con-
nected and the operation 1n step S10 1s re-executed (1.e., the
constant current charging operation 1s performed). When the
second voltage detection signal S2 from the comparator 16 1s
on a low level or the first voltage detection signal S1 from the
comparator 15 1s on a low level, the controlling circuit 18
judges that the battery 6 1s removed therefrom or the battery
has a short-circuit state, and the operation proceeds to step
S22. In addition, when the third voltage detection signal S3 1s
on a high level, the operation returns to step S18, in which the
controlling circuit 18 checks again the battery voltage Vb.

In determination whether the battery 1s connected 1n the
beginning of re-charging, whether to use the output signal
from the comparator 15 or the output signal from the com-
parator 16 1s determined while considering the relationship
between the re-charge start waiting time TS and the voltage
dropping speed at the battery connection terminal PS when
the battery 1s removed. Specifically, when the voltage at the
terminal P3 gradually decreases or the re-charge start waiting,
time TS 1s so short that 1t 1s not expected that the voltage at the
terminal P35 reaches the second voltage V2 1n the re-charge
start waiting time, the second voltage detection signal S2
from the comparator 16 should be used therefor. In contrast,
when 1t 1s not expected that the voltage at the terminal P53
reaches the first voltage V1 1n the re-charge start waiting time
15, the first voltage detection signal S1 from the comparator
15 should be used theretor.

Thus, 1 the first example embodiment of the charging
device of the present invention, the voltage at the battery
connection terminal P35 or the charge current ich 1s checked at
the five waiting/stop times T1-T5 to determine whether a
battery 1s connected. Therefore, 1t 1s not necessary to perform
intermittent charging and it 1s possible to charge an over-
discharge battery. In conventional charging devices, the wait-
ing/stop times have been used for confirming change of the
charging modes. In addition, the voltages and currents, which
are used for judging connection of a battery in the present
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invention, have been measured for judging whether the charg-
ing mode 1s changed in conventional constant current-con-
stant voltage charging methods. Therefore, only by substitut-
ing some of the conventional comparators with hysteresis
comparators, connection of a secondary battery can be con-
firmed. Therefore, problems such as increase 1n size of the
charging device and increase 1n manufacturing costs can be
avoided.

Further, the hysteresis voltages of the comparators 16 and
17 can be set to desired voltages by the control signals from
the controlling circuit 18. Specifically, the hysteresis voltages
should be set to proper voltages in consideration of the battery
to be charged, and the charging conditions such as charge
current. Therefore, this charging device can be used for charg-
ing various secondary batteries.

Furthermore, 1f i1t 1s not necessarily perform the battery
connection confirmation operation at each of the waiting/stop
times T1-T5, 1t 1s possible to perform a battery connection
confirmation operation at desired points of the waiting/stop
times T1-T5. In addition, 1t 1s possible to form all the battery
connection confirmation programs or some of the battery
connection confirmation programs in the IC 1 which the
charge controlling circuit 2 1s formed. In this case, selection
ol the connection confirmation method suitable for the appli-
cation 1s performed 1n the manufacturing process of the IC,
for example, by using a method such as cutting a trimming
fuse.

In addition, 1t 1s possible to properly set the first voltage V1,
the second voltage V2, the third voltage V3, the first current
11, the second current 12, the third current 13, and the waiting/
stop times T1-T3 by a trimming method in the manufacturing
process. By using this manufacturing method, the resultant
IC, which 1s constituted of only one kind of circuit, can be
used for various charging applications.

Further, a terminal for external signals can be added to the
charging IC so that the charging conditions and/or the con-
nection confirmation conditions of the charging IC can be
changed by an external signal. By using this method, the
resultant IC can be used for various charging applications.

Second Example Embodiment

In the first example embodiment, the impedance between
the battery connection terminal PS and the ground terminal
P6 1s considerably high. Therefore, there 1s a large stray
capacitance due to the wire connecting the terminal PS with
the terminal P6, resulting occurrence of a problem in that a
charge 1s stored 1n the stray capacitance, thereby generating a
voltage between the terminals P5 and P6. In general, the stray
capacitance 1s very small and therefore the generated voltage
1s discharged shortly. However, in the above-mentioned case
where the impedance 1s very large, a problem in that the
generated voltage cannot be discharged 1n a waiting/stop time
may occur. Therefore, it 1s preferable to turn on a current load
20 (1llustrated 1n FIG. 4) in the waiting/stop times T1, 12, T3
and T5 to discharge the charges stored 1n the stray capaci-
tance. In this case, connection of the battery 6 can be detected
more securely. Next, the second example embodiment will be
explained by reference to drawings.

FIG. 4 1s a schematic view illustrating the second example
embodiment of the charging device of the present invention.
In FIGS. 1 and 4, like reference characters designate like
corresponding parts. The explanation of the parts illustrated
in FIG. 1 1s omitted or brietly explained here and the differ-
ences between the devices illustrated 1n FIGS. 1 and 4 will be
mainly explained.

The differences therebetween are as follows.
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(1) The current load 20 1s inserted between the battery con-
nection terminal PS5 and the ground terminal P6; and

(2) An mput terminal P7, through which an external signal 1s
input to the controlling circuit 18, 1s provided 1n the charge
controlling circuit 2.

Due to these differences, the charging device and the
charge controlling circuit 1llustrated 1n FIG. 4 have reference
numerals 1a and 2a, respectively. The current load 20 serves
as a current source.

In FI1G. 4, the charging device 1a includes the DC power
source 3 (such as AC adaptors), and charges the secondary
battery 6 (such as lithtum-ion batteries) by performing con-
stant current charging or constant voltage charging.

The charging device 1a includes the power transistor (1,
the resistor R1, the diode D1, and the charge controlling
circuit 2a, which controls the power transistor Q1 so as to
perform constant current charging or constant voltage charg-
ing on the battery 6 on the basis of the information on the
battery voltage Vb and the charge current i1ch obtained from
the difference in voltage between the first and second charge
current detection terminals P3 and P4.

The charge controlling circuit 2a, which 1s integrated in
one integrated circuit, includes the DC power connection
terminal P1, the charge control signal output terminal P2, the
first current detection terminal P3, the second current detec-
tion terminal P4, the battery connection terminal P3, the
ground terminal P6, and the external signal input terminal P7.
An external signal Se such as sleep signals to allow the load 7
to achieve a sleep state 1s mput to the external signal input
terminal P7. In addition, the charge controlling circuit 2a
includes the power voltage detection circuit 11, the charge
current controlling circuit 12, the charge current detection
circuit 13, the reference voltage generation circuit 14, the
comparators 15-17, the resistors R11-R14, the controlling
circuit 18, and the current load 20 which 1s subjected to drive
control according to the control signal from the controlling
circuit 18.

The current load 20 1s 1nserted between the terminals P53
and P6, and the control signal 1s 1nput to the control terminal
of the current load 20 from the controlling circuit 18 to per-
form drive control on the current load 20 according to the
control signal. Upon reception of the external signal Se, the
controlling circuit 18 turns on the current load 20 in the
waiting/stop times 11, T2, T3 and T3. In other periods, the
controlling circuit 18 turns off the current load 20 indepen-
dently of the external signal Se. When the current load 20 1s
turned on, a predetermined current flows through the current
load 20. When the current load 20 1s turned off, the current
load achieves a shutotl state.

In this second example embodiment, when the external
signal Se to allow the load 7 to achueve a sleep state 1s 1input
through the external signal input terminal P7, the controlling
circuit 18 turns on the current load 20 in each of the waiting/
stop times T1,12,13 and 'T5, and turns oil the current load 20
in other periods.

In general, the impedance between the battery terminal P35
and the ground terminal P6 in the charge controlling circuit 2a
1s considerably high. In addition, there 1s a large stray capaci-
tance due to the wire connecting the terminal P5 with the
terminal P6. Therefore, charges are stored 1n the stray capaci-
tance, thereby generating a voltage between the terminals P35
and P6. In general, the stray capacitance 1s very small and
therefore the generated voltage 1s discharged shortly. How-
ever, 1n the above-mentioned case where the impedance 1s
very large, there 1s a possibility that the generated voltage
cannot be discharged in a waiting/stop time. Therefore, 1n this
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example embodiment, the current load 20 (1llustrated 1n FIG.
4)1s turned on in each of the waiting/stop times 11, T2, T3 and
T5 to discharge the charges stored in the stray capacity and to
securely detect connection of the battery 6. The current flown
through the current load 20 due to discharging 1s from 0 to a
tew milliamp. It 1s preferable to determine the current (i.e., to
choose a proper current) in the manufacturing process of the
charging device in consideration of the impedance and stray
capacitance or to determine the current by inputting an exter-
nal signal from the external signal mput terminal P7. Upon
reception of the external signal Se, the controlling circuit 18
determines the effective (or ineffective) waiting/stop times
among the waiting/stop times 1T1-T5; the current 1n the cur-
rent load 20; and other targets such as the first to third voltages
V1-V3, and first to third currents 11-13, and the period of the
selected waiting/stop times.

FIG. 5 1s a flowchart illustrating the operations of the
charging device 1llustrated in FIG. 4. In FIGS. 2 and 5, like
reference characters designate like corresponding operations.
The explanation of the operations illustrated 1in FIG. 2 1s
omitted or briefly explained here and the differences between
the operations 1llustrated 1n FIGS. 2 and 5 will be mainly
explained. FIG. 3 can also be used for the charging device
illustrated in FIG. 4.

The differences therebetween are as follows.

(1) In the operations 1llustrated 1n FIG. 5, the current load 1s
turned on 1n each of steps S4a, S8a, S12q and S20a.

Specifically, 1n each of steps S4a, S8a, S12q and S204, the
controlling circuit 18 turns on the current load 20 upon recep-
tion of the external signal Se to allow the load 7 to achieve a
sleep state through the external signal input terminal P7.

Thus, 1n this second example embodiment, the current load
20, which can discharge charges stored in the stray capaci-
tance present between the terminals P53 and P6, 1s added to the
charge controlling circuit of the first example embodiment of
the charging device. Therefore, in addition to the effect of the
first example embodiment charging device, the second
example embodiment charging device has an advantage such
that connection of a battery can be detected more securely. In
addition, the charging conditions and battery connection con-
firmation conditions can be freely set by an external signal.
Theretore, the charging device can be used for various appli-
cations even though the charging device uses only one kind of
IC.

This document claims priority and contains subject matter
related to Japanese Patent Application No. 2006-052699,
filed on Feb. 28, 2006, incorporated herein by reference.

Having now fully described the invention, it will be appar-
ent to one of ordinary skill in the art that many changes and
modifications can be made thereto without departing from the
spirit and scope of the invention as set forth therein.

What 1s claimed 1s:
1. An integrated circuit for charging a secondary battery via
a charging transistor, comprising:

a charge current detection circuit which detects a charge
current output from the charging transistor, and gener-
ates and outputs a signal including the charge current
information;

a voltage comparison circuit which compares a voltage of
the secondary battery with one or more predetermined
voltages, and generates and outputs a signal including
the voltage comparison information; and

a charge controlling circuit which controls the charging
transistor according to mnformation on the voltage of the
secondary battery and the signals output from the charge
current detection circuit and the voltage comparison
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circuit such that the charging transistor performs con-
stant current charging in which a predetermined current
1s output or constant voltage charging 1n which a charge
current 1s output so that the secondary battery has a
predetermined voltage,

wherein, when the voltage comparison circuit detects that
the voltage of the secondary battery becomes not less
than a predetermined voltage V2, the charge controlling
circuit stops applying a charge current for a predeter-
mined time T2, and

wherein, when the voltage comparison circuit detects that
the voltage of the secondary battery becomes less than a
predetermined voltage V2- less than the voltage V2
within the predetermined time T2, the charge controlling
circuit judges that the secondary battery 1s abnormally
connected and performs an abnormality correction treat-
ment.

2. The mtegrated circuit according to claim 1, wherein the
voltage comparison circuit includes:

a comparator which compares the voltage of the secondary
battery with the voltage V2 and generates and outputs a
signal S2 including the comparison information to the
charge controlling circuit,

wherein the comparator has a hysteresis controlled accord-
ing to a control signal input from the charge controlling
circuit, and

wherein the voltage V2- 1s a difference between the volt-
age V2 and the hysteresis.

3. The integrated circuit according to claim 1, wherein,
when the charge current detection circuit detects that the
charge current applied to the secondary battery becomes less
than a predetermined current 12, and further detects that the
charge current becomes less than a predetermined current 11
less than the current 12 within a predetermined time T4, the
charge controlling circuit judges that the secondary battery 1s
abnormally connected and performs an abnormality correc-
tion treatment.

4. The integrated circuit according to claim 1, wherein:

when the voltage comparison circuit detects that the volt-
age ol the secondary battery becomes not less than a
predetermined voltage V3 greater than the voltage V2,
the charge controlling circuit stops applying a charge
current for a predetermined time T3, and

when the voltage comparison circuit detects that the volt-
age of the secondary battery becomes less than a prede-
termined voltage V3—, which 1s greater than the voltage
V2 and less than the voltage V3, within the predeter-
mined time T3, the charge controlling circuit judges that
the secondary battery 1s abnormally connected and per-
forms an abnormality correction treatment.

5. The mtegrated circuit according to claim 4, wherein the
voltage comparison circuit includes:

a first comparator which compares the voltage of the sec-
ondary battery with the voltage V2 and generates and
outputs a first signal S2 including the comparison infor-
mation to the charge controlling circuit; and

a second comparator which compares the voltage of the
secondary battery with the voltage V3 and generates and
outputs a second signal S3 including the comparison
information to the charge controlling circuit,

wherein the first and second comparators have a first hys-
teresis and a second hysteresis, respectively, controlled
according to control signals input from the charge con-
trolling circuit, and
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wherein the voltage V2- 1s a difference between the volt-
age V2 and the first hysteresis, and the voltage V3-1s a
difference between the voltage V3 and the second hys-
teresis.

6. The integrated circuit according to claim 1, further com-

prising;:

an mput terminal which 1s connected with the secondary
battery and to which the voltage of the secondary battery
1s mput; and

a current source which applies a current while being con-
trolled according to the control signals 1nput from the
charge controlling circuit,

wherein the charge controlling circuit controls drive of the
current source according to an external control signal for
controlling a consumption current of a load to which a
power 1s applied from the secondary battery.

7. The mtegrated circuit according to claim 6, wherein:

the charge controlling circuit allows the current source to
operate when the external signal 1s a signal to reduce the
consumption current is input while the charge current 1s
not supplied to the secondary battery, and

when mput of the external signal 1s stopped, the charge
controlling circuit stops the operation of the current
source.

8. The integrated circuit according to claim 1, wherein,
when the charge controlling circuit judges that the secondary
battery 1s abnormally connected, the charge controlling cir-
cuit stops applying a charge current to the secondary battery.

9. A charging device for performing a constant current
charging or a constant voltage charging to a secondary battery
comprising:

a DC power source configured to apply a DC power to a

charging transistor;

the charging transistor configured to apply a charge current
to the secondary battery; and

a charge controlling integrated circuit for controlling the
charging transistor according to the information on the
charge current applied to the secondary battery and the
voltage of the secondary battery,

wherein the charge controlling integrated circuit 1s the
integrated circuit according to claim 1.

10. A method for detecting connection of a secondary
battery comprising;:
applying a charge current to a secondary battery through a
charging transistor;

checking the voltage of the secondary battery;

stopping applying a charge current for a predetermined
time 12 when the voltage of the secondary battery
becomes not less than a predetermined voltage V2; and

performing an abnormality correction treatment when the
voltage of the secondary battery becomes less than a
predetermined voltage V2- less than the voltage V2
within the time T2.

11. A method for detecting connection of a secondary
battery comprising:
applying a charge current to a secondary battery through a
charging transistor;

checking the voltage of the secondary battery;

stopping applying a charge current for a predetermined
time T2 when the voltage of the secondary battery
becomes not less than a predetermined voltage V2; and

performing an abnormality correction treatment when the
voltage of the secondary battery becomes less than a
predetermined voltage V2- less than the voltage V2
within the time T2,

[
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wherein when the voltage of the secondary battery does not ary battery becomes not less than a predetermined volt-

become less than the predetermined voltage V2 within age V3 before the charge current checking step; and
the time T2, the method further comprises:

checking the charge current for a predetermined second
time T4 when the charge current applied to the sec- 5
ondary battery 1s less than a predetermined current 12;
and

performing an abnormality correction treatment when
the current 1s less than a predetermined current 11 less
than the current 12 within the time T4. 10  stopping applying a charge current to the secondary bat-
12. The method according to claim 11, further comprising: tery.
stopping the charge current to the secondary battery for a

predetermined time T3 when the voltage of the second- * 0k k% ok

performing an abnormality correction treatment when the
voltage becomes less than a predetermined voltage V3—,

which 1s greater than the voltage V2 and less than the
voltage V3 within the time T3.

13. The method according to claim 10, wherein the abnor-
mality correction treatment performing step comprises:
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